Introduction
Reducing the production costs is becoming more important in the dairy industry. The suitable development of replacement heifers is an expensive investment for dairy farms, so estimations of all associated costs are about 20% of the total production costs [1] .
The age at first calving (AFC) reflects the rate of growth of the female. A late entry in the productive life reduces the economic value of the animals, due to the potentially decreased number of offspring produced in their lifetime [2] . This parameter, considered as primary on herd health programs may be influenced by body size and the onset of hormonal activity of the reproductive system [2] .
In the United States, the average of AFC in dairy cows (mostly Holstein), between 1985 and 1990, was 25.9 mo [1] . Currently, breeding programs for cow replacement seeks for an average age at first calving of around 24 mo to decrease the production costs [1] . Greater the number of calves and the amount of milk produced per year of life, greater the productivity in the herd [3] . Thus, an AFC beyond 25 mo is not cost-effective and it is recommended that the heifers have their first calf between 23 and 25 mo of age [3] .
Studies on Holstein cows carried out in Italy, USA and Peru prove that cows calving at a young age have lower milk production during their first lactation, however, their total production per day and their performance during their lifetime is significantly greater than those animals who had their first birth at a later age [1] [4] .
For Holstein cows in the U.S., the information about the AFC effect on milk production in first lactation is variable. Some authors have not observed positive effect [5] while others have found a negative effect [6] . Studies suggest that the reduction in AFC averaging from 24.7 mo to 21.9 mo results in a reduction in milk production in the first lactation [6] .
Studies in the tropics indicate that milk production systems with Holstein breed animals are limited in their milk production level by both genetic and environmental factors. Tropical environmental conditions affect the productive performance of dairy cows, decreasing production and limiting the expression of their genetic potential [7] . Thus, studies in replacement heifers conclude, that milk production during the first lactation is influenced by the growth rate during the rearing stage, with a significant and positive linear association between the AFC and milk production during the first lactation [8] . These results may be influenced by the higher body condition score at first birth, influencing positively on milk production in the subsequent lactation.
The selection of animals for first service, based on the age, is an effective strategy for dairy producers to improve the economic performance of their herds, because this can affect positively or negatively the milk production, fat percentage, longevity and productive life. Therefore, identifying the AFC for each farm in terms of milk production can be very profitable to streamline the costs of raising heifers, as long as this measure does not impair reproductive efficiency.
Based on this, the objective of this study was to determine the effect of age at first calving on first lactation production in specialized Holstein dairy cows from Costa Rica.
Materials and Methods

Population and Study Design
A longitudinal prospective-historical study with data from 46,029 pure Holstein cows in specialized dairy Costa Rican herds was performed during the period 2000-2010. The animals were registered in the program VAMPP Bovine 3.0 (Veterinary Automated Program for Management and Population Control) [9] in the Regional Informatics Center for Sustainable Animal Production (CRIPAS), School of Veterinary Medicine of the National University (EMV-UNA), Costa Rica.
The 305-d milk production (kg/305-d) of the first lactation was the dependent variable, being the age at first calving (AFC) the main independent variable. Both dependent and independent variables and the way they were used for the analysis of first lactation are described in Table 1 .
Data Analysis
Data analysis consisted of two phases: 1) Descriptive statistics. Measures of central tendency (mean and median) and dispersion (standard deviation and standard error) for continuous variables were calculated. Also percentages for discrete variables were calculated. The confidence interval (CI) at 95% was determined for both types of measures. 2) Assessment of the effect of AFC on kg 305-d using a multiple linear mixed-effect regression model (PROC MIXED, SAS/STAT see. 9.2, SAS Institute Inc. SAS®) [10] .
The statistical model used to estimate the absolute effect of the AFC on the first lactation 305-d milk production: inbreed n = fixed effect of the level of inbreeding (low: <6.25% -high: ≥6.25%) eijklmn = random residual effect Statistical analyzes were performed using SAS version 9.2 [10] .
Results
The average AFC for the study population is 30.7 mo (SD: 6.8, 95% CI 30.7 -30.8) with a median of 28.9. The average total milk production in the first lactation was 5188 kg. (95% CI: 5153.4 -5223.2), while 305-d milk yield corresponded to 5288 kg (95% CI: 5253.7 -5323.2).
The AFC had a highly significant association with the first lactation at 305-d milk yield. Cows whose first birth occurs before 26 mo and those that calve between 26 and 33.6 mo. show a difference of −354.78 kg (P < 0.0001) and −105.6 kg (P = 0.0117) respectively, compared to cows calving over the 33.6 mo ( Table 1) .
In the case of the variable ecozone, meaning the relationship between the annual temperature, annual precipitation and humidity, that allows the characterization of the weather in a specific geographic area [11] ; and taking the montane wet forest (M-wf) area as a point of comparison, there was a significant production difference (P < 0.0001) higher than +1000 kg compared to other areas, except in premontane wet forest (P-wf) and lower montane rain forest (LM-rf); areas in which the difference is smaller but still higher than +500 kg ( Table 1) .
When analyzing the effect of the reproductive variables on the milk yield, there was a significant difference of +194.08 kg (P < 0.05) in cows that did not show fetal membrane retention (FMR) compared to those which presented such condition.
On the other hand, there is a significant difference of +134.96 kg in the 305-d milk yield in cows with an inbreeding coefficient <6.25%, regarding those with an inbreeding coefficient ≥6.25% ( Table 1 ).
Discussion Age at First Calving
The mean of the AFC assessed in this study for pure Holstein cows, in different specialized Costa Rican dairy herds was 30.6 m. During a study performed by Cedeño and Vargas [12] [16] ), under template weather. The result obtain by this study, can be attributed to the heifer rearing based on forage consumption, without any mineral supplementation, that causes a limitation on the growth index and in the development of the animal, influencing a high AFC [17] [18] .
In the current study, the average for the 305-d milk yield at first lactation corresponded to 5288.0 kg (±1569.4), being similar to the average reported for Colombia of 5761 ± 1735 kg [19] . This result is higher to that the one reported by Molina and Boschini [20] in a production corrected to 305 d of 4053.78 ± 850.5 kg and to the obtained by Carvajal et al. [7] in their study in Holstein cows in Yucatán, Mexico, where the overall average milk production during the first lactation was 2918.3 ± 67.6 kg and up to 305 d of 2635 ± 51.9 kg, but in conditions of high temperature and environmental humidity. However, this value is much lower than the observed in USA (11920 kg; [21] ) and Iran (7082 kg; [22] ) for this breed. These differences in the milk yield performance, regarding other countries, are due to the fact that Holstein breed has the potential to produce important volumes of milk, however, in tropical environmental conditions this is quite limited [7] . Moreover, the animals are managed under different geographical zones (altitudes), weather and management conditions such as nutrition, production system (grazing vrs. stabled) and the number of milking periods to which cows undergo in a day. All of these factors are reflected in the milk yield of each cow.
A significant effect of AFC on milk production at first lactation was determined. The cows with low and medium AFC showed a decrease of 354.78 kg and 105.60 kg in their production compared to cows with AFC > 33.6 mo. This is consistent to a previous study [1] indicating a decrease in milk production at the first lactation with AFC < 25 mo, and higher production as the AFC increases [6] . Although it differs from that reported by Rodriguez and Martinez [23] , where the AFC did not affect the production of the first lactation. On the other hand, Nilforooshan and Edriss [3] indicate that the AFC can significantly affect milk production, fat percentage, lifetime and productive life. Regarding this matter, Pirlo et al. [1] mention that the negative effect of a low AFC on milk production could be caused by different factors: such as overweight before puberty and a low body score condition in heifers, at the beginning of first lactation.
When analyzing the effect of the variable ecozone, areas with higher production rates correspond to the premontane very wet forest (P-vwf); low montane wet forest (LM-wf); the premontane wet forest (P-wf), and the tropical wet forest (T-wf) [24] . These agro ecological areas are characterized by temperatures ≤ 24˚C, an altitude between 500 and 2000 m.a.s.l. and rainfall ranging 1000 to 2000 mm annually, except to premontane wet forest (P-wf) and to tropical wet forest (T-wf) areas which differ in precipitation (4000 mm/year) ( Table 2) .
These tropical conditions favor a suitable grass growth, especially protein-rich grass. This characteristic benefits the production performance of the animals, but despite of that, the temperature and relative high humidity are conditions that affect the expression of genetic potential of animals and compromise their welfare [25] . Likewise, the less production areas are premontane wet forest (P-wf) and lower montane rain forest (LM-rf), characterized with rainfalls of 4000 -8000 mm/year and temperatures from 12˚C to 24˚C.
Among the environmental conditions related to productivity are the temperature [26] , the relative humidity [27] , the solar radiation [28] , the wind speed [29] , the length of day [30] and the daily rainfall [31] . In this case, the high precipitation could be one of the most important factors contributing to declining milk production in these areas, where the highly acidic soil, poor in microelements and low fertility, limiting the suitable growth and the protein content of the pastures [32] .
Tropical grasses are in disadvantaged regarding to those in temperate climate, because the high temperatures and the significant exposure to diseases and predators are responsible for high levels of nitrates and low lignin, protein and non-fibrous carbohydrates, qualities that make nutritional values average to low. Another aspect that reduces the quality of tropical forages is the adaptation to geographical areas with long nights during which soluble carbohydrates are oxidized, resulting in a low ratio between the non-fibrous carbohydrate and degradable protein. This condition reduces microbial protein synthesis in ruminants consuming these pastures [33] .
The effect of variation AFC on production costs appeared to have a negative effect on first lactation milk yield and fat percentage, when a reduction of AFC; however, it has a positive effect on milk protein percentage [1] . According to Pirlo et al. [1] reduction of age at first calving below 26 mo of age consistently produced a positive effect on the difference between milk yield returns and rearing costs per heifer in about $57.8 and in $62 if age at calving was 22. The biological limitations of reducing dramatically the AFC should be considered.
Conclusion
During the development of the study, a lineal effect of AFC on dairy lactation in Holstein cows was determined. A reduction of AFC leads to a depletion of milk production, probably affecting the genetic potential of the animal, and its longevity within the herd. Further studies are required to prove this hypothesis.
